Enterococcus faecalis biofilm traits and distribution characteristics in China have not been clarified. This study aimed to determine the prevalence and characteristics of E. faecalis biofilm formation in a sample of clinical isolates and to explore the virulence factors associated with biofilm formation in those isolates. A total of 265 E. faecalis isolates were collected from patients in Shenzhen, China. Virulence genes were detected within the genomes of the microbes by polymerase chain reaction. The isolates were subjected to multilocus sequence typing (MLST) based on housekeeping genes. Biofilms were detected by crystal violet staining. The expression levels of the clinical E. faecalis isolates' genes were determined by quantitative real-time polymerase chain reaction. The prevalence of biofilm formation among E. faecalis clinical isolates was 47.2%. MLST yielded 44 different sequence types (STs). The main STs were ST16 and ST179; the ST16 isolates were more likely to form strong or medium biofilm than the ST179 isolates (p < 0.001). Strong or medium biofilm formation was more common in linezolid-resistant isolates than in linezolid-sensitive isolates (p = 0.001). Biofilm formation was more frequently detected in enterococcal surface protein (esp+), surface aggregating protein (asa1+), cytolysin A (cylA+), or aggregation substance (agg+) positive isolates than in isolates that were negative (−) for these virulence factors. Multivariate regression analysis indicated that cylA [odds ratio (OR) 4.083, p < 0.001] was a risk factor for weak biofilm formation, and that esp (OR 8.207, p < 0.001) was a risk factor for strong or medium biofilm formation. The expression of cylA was raised (4.02 to 6.00-fold) in weak biofilm isolates compared to the biofilm-negative isolates, and the expression of esp was greatly elevated (11.39 to 134.08-fold) in strong biofilm isolates compared to biofilm-negative isolates. In conclusion, the ST16 classification and linezolid resistance were positively associated with strong/medium biofilm formation in clinical E. faecalis isolates. cylA was associated with weak biofilm formation, and esp was only associated with strong or medium biofilm formation of the clinical E. faecalis isolates.
INTRODUCTION
Enterococci are normal gut microbes in humans and other animals (Sghir et al., 2000; Damborg et al., 2009) . However, in the last two decades, enterococcus pathogens have emerged as a major cause of nosocomial infections affecting various tissues, including the urinary tract, respiratory tract, peritoneum, and bloodstream (Treitman et al., 2005; Bonten and Willems, 2012) . The most prevalent species cultured from humans, Enterococcus faecalis and Enterococcus faecium, account for more than 90% of clinical enterococcal isolates (Fisher and Phillips, 2009) . It is noteworthy that E. faecalis and E. faecium cause treatment to be increasing difficult because of their intrinsic and acquired resistance to many antibiotics. E. faecalis and E. faecium have resistance to many commonly used antimicrobial agents, such as ampicillin and vancomycin (Van Harten et al., 2017) . VRE especially have emerged as a major cause of outbreaks of nosocomial infection, which with their extensive resistance to a plethora of antibiotics have attracted more and more attention in recent years (Flokas et al., 2017) . Linezolid, as the first antimicrobial agent of the oxazolidinones class, was widely used to treat VRE infections. Unfortunately, growing cases of linezolid-resistant enterococci have emerged in hospitals (Gawryszewska et al., 2017) .
In addition to drug resistance, enterococci usually with a high capacity of biofilm formation, which has increased the difficulty of treatment. In Italy, 86.7% of E. faecalis clinical isolates formed different levels of biofilms, whereas only 15.6% of E. faecium isolates formed biofilms (Dupre et al., 2003) . Among 109 enterococcal bloodstream isolates from Britain, 100% of E. faecalis strains had the ability to form biofilm, but only 42% of E. faecium isolates formed biofilms (Sandoe et al., 2003) . E. faecalis isolates from the USA also had a high capacity of biofilm formation, Mohamed et al. found 93% of 163 E. faecalis isolates from various sources classified as biofilm producers (Mohamed et al., 2004) . Another study from Japan indicated 100% of 352 E. faecalis isolates in urinary tract infections with different levels of biofilm formation (Seno et al., 2005) . However, only 57.2% of E. faecalis isolates from Spain had the ability to form biofilms, and the 39 E. faecium isolates in the study couldn't produce biofilms (Toledo-Arana et al., 2001 ). These studies found the E. faecalis isolates to have a higher capacity of biofilm formation than the E. faecium isolates, and the prevalence of E. faecalis biofilm differs regionally. However, up to now, the prevalence and characteristics of E. faecalis biofilm in China have remained obscure.
The phylogenetic relationships of pathogenic bacteria, including Staphylococcus spp. and Enterococcus spp., have been examined with MLST (Urwin and Maiden, 2003) , a methodology that has yielded STs with distinctive virulence and drug resistance strain profiles (Manning et al., 2009 been shown to vary across isolate STs (Kozitskaya et al., 2005) . ST27 of Staphylococcus epidermidis, which is prone to biofilm formation, was found to occur preferentially in hospitals and to differ from clones in the community (Kozitskaya et al., 2005) . The ST17 and ST19 lineages of group B Streptococcus strains isolated from invasive disease case samples were found to form weak biofilms relative to strains recovered from individuals with asymptomatic colonization (Parker et al., 2016) . The biofilm formation properties of different STs of E. faecalis have not been characterized.
Previous researchers have reported that some virulence factors play important roles in the pathogenicity of E. faecalis, and several virulence factors may be related to E. faecalis biofilm formation. Esp is a large surface protein, which has been found to support cell adherence, colonization, and persistence in the urinary tract, evasion of the immune system, and to play an important role in E. faecalis biofilm formation (Toledo-Arana et al., 2001; Paganelli et al., 2012) . GelE is an extracellular metalloprotease that hydrolyzes gelatin, collagen, and hemoglobin. GelE was responsible for regulating autolysis and the release of highmolecular-weight eDNA, an important component for the development of E. faecalis biofilms, and has also been reported to contribute to the bacterial adherence and biofilm formation of E. faecalis (Kayaoglu and Ørstavik, 2004; Park et al., 2007; Thomas et al., 2008) . However, some research groups have found no significant correlation between the presence of Esp or GelE and E. faecalis biofilm formation (Kristich et al., 2004; Mohamed and Murray, 2005; Anderson et al., 2016) .
Another virulence factor of E. faecalis, the Asa1, mediates aggregation between bacteria and enables the transfer of plasmids, was also found to promote biofilm formation in one study (Süßmuth et al., 2000; Chuang-Smith et al., 2010) . The cylA gene of E. faecalis synthesizes a protein involved in the activation of cytolysin, and the lytic action of cytolysin on various cell types has been explored, including its contribution to the virulence of E. faecalis in infections (Van Tyne et al., 2013) . Another study found cylA may be associated with E. faecalis biofilm formation in urinary tract infections (Seno et al., 2005) . However, evidence of the involvement of asa1 and cylA in E. faecalis biofilm formation is still deficient and needs to be confirmed by further studies. Hence, the virulence factors that enable E. faecalis biofilm formation remain ambiguous and controversial.
The aim of the present study was to explore the prevalence and characteristics of E. faecalis biofilm, and to identify virulence factors associated with E. faecalis biofilm formation. To our knowledge, this is the first study to combine data on biofilm formation, virulence genes, antibiotic resistance, and MLST of E. faecalis from China.
MATERIALS AND METHODS

Bacterial Isolates
A total of 265 clinical E. faecalis isolates were obtained from patients at Shenzhen Nanshan Hospital, Shenzhen University in China between January 1 2010 and June 30 2016. Information on the antibiotics used in each case was collected from the electronic medical records database. Antibiotic use was as follows: 44 cases involved penicillins (ampicillin, piperacillin, amoxicillin), 15 cases involved glycopeptides (vancomycin, teicoplanin), 4 cases involved linezolid, and 37 cases involved other antibiotics (ciprofloxacin, levofloxacin, moxifloxacin, minocycline). The strains isolated from the patients were identified with a VITEK 2 microbial testing system (bioMérieux, Marcy l'Etoile, France). E. faecalis ATCC29212 and OG1RF (ATCC47077) strains purchased from the American Type Culture Collection were used as reference strains. All procedures involving human participants were performed in accordance with the ethical standards of Shenzhen University and with the 1964 Helsinki declaration and its later amendments, or comparable ethical standards. For this type of study, formal consent is not required.
Antibiotic-Susceptibility Testing
The susceptibilities of the isolates to clinically relevant antibiotics (i.e., penicillin G, ampicillin, imipenem, ciprofloxacin, levofloxacin, teicoplanin, vancomycin, tigecycline, cotrimoxazole, linezolid, high-level gentamicin, erythromycin, and tetracycline) were determined with the VITEK 2 system (bioMérieux, Marcy l'Etoile, France). We determined the MICs of ampicillin, vancomycin, and linezolid using the broth macrodilution method according to CLSI guidelines, with CLSI-recommended MIC breakpoints.
Isolation of DNA
DNA was extracted from isolates and purified with a DNeasy Blood and Tissue Kit (Qiagen China Co., Ltd., Zhangjiang Hi-Tech Park Pudong, Shanghai, China) according to the manufacturer's protocol for Gram-positive bacteria. The microbial DNA was eluted with 100 µl of AE buffer (Qiagen) and stored at −20 • C.
Detection of Virulence Genes by PCR
The extracted DNA served as a template for the amplification of virulence genes. All primer sequences and corresponding references are listed in Table 1 (Vankerckhoven et al., 2004; Dupre et al., 2003) . PCR amplification was performed in a total volume of 50 µl, containing 2× PCR Master Mix (Tiangen Biotech Beijing Co., Ltd., Beijing, China), 0.5 mM of each primer, and 1 µl template DNA. The cycling conditions were as follows: 95 • C for 3 min; followed by 30 cycles at 95 • C for 30 s, 52 • C for 30 s, 72 • C for 60 s; and a final 10 min extension step at 72 • C. Each PCR set included a no-template control and a positive control. The amplification products were analyzed by electrophoresis in 1.0% agarose gels.
Multilocus Sequence Typing
Multilocus sequence typing was conducted by the reference method (Ruiz-Garbajosa et al., 2006) . Briefly, seven housekeeping genes (gdh, gyd, pstS, gki, aroE, xpt, and yqiL) were PCR amplified and sequenced. All primer sequences and corresponding references are listed in Table 2 . The PCR system and cycling conditions were the same as indicated above for the virulence genes. For each locus, a distinct allele number was assigned to each unique sequence, in accordance with the E. faecalis MLST database 1 . The seven STs were assigned in the order gdh, gyd, pstS, gki, aroE, xpt, and yqiL, corresponding to the allele numbers at the seven loci. ST names were kept consistent as much as possible for the same strains.
Biofilm Assay
Enterococcus faecalis biofilm formation was detected according to the reference method, with some modifications (Toledo-Arana et al., 2001; Mohamed et al., 2004) . Briefly, bacteria that had been grown overnight were diluted 1:100 in 200 µl of tryptic soy broth with 0.25% glucose and inoculated onto polystyrene microtiter plates (Costar3599; Corning). After 24 h of static incubation at 37 • C, the supernatant was discarded, and plates were washed thrice with deionized water to remove unattached cells, then fixed with methanol for 30 min, stained with 1% crystal violet for 30 min, and rinsed with distilled water. The optical density at 570 nm (OD 570 ) was determined. Each assay was performed in triplicate on at least three occasions.
RNA Extraction and qRT-PCR
The expression levels of the esp and cylA genes of E. faecalis clinical isolates were determined by qRT-PCR. The primers used for qRT-PCR are listed in Table 3 . The RNA extraction was carried out according to the reference method (Xu et al., 2017) , with some modifications: the E. faecalis strains were cultured at 37 • C until the OD 600 reached 0.6. Then, the cell pellets were washed with ice-cold normal saline and then homogenized using 0.1 mm Zirconia-silica beads in a Mini-BeadBeater (Biospec, Bartlesville, OK, United States) at a speed of 4,000 rpm for 1 min, followed by cooling on ice for 1 min. This homogenization and cooling cycle was repeated five times; then, the samples were centrifuged at 15,000 rpm and the bacterial RNA in the supernatant was purified using an RNeasy Mini Kit (Qiagen) and quantified using an ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, United States). RNA samples that had a 260/280 ratio between 2.0 and 2.2 were reverse transcribed with the PrimeScript RT Reagent Kit (TaKaRa). Finally, qRT-PCR was performed with the SYBR Premix Ex Taq II Kit (TaKaRa) on the Mastercycler ep realplex system (Eppendorf), with an initial incubation at 95 • C for 2 min, followed by 40 cycles of 15 s at 95 • C, and 60 s at 60 • C. Each sample was analyzed in triplicate.
For all samples, the internal control gene recA (Ruiz-Cruz et al., 2015) was used to normalize the expression of the esp and cylA genes. The threshold cycle (Ct) numbers were confirmed by the detection system software and the data were analyzed based on the 2 − Ct method.
Statistical Analysis
The prevalence of E. faecalis biofilm is reported as a number (percentage) and was compared using the chi-square test or Fisher's exact test. The virulence factors associated with biofilm formation were analyzed with a multivariate logistic regression model constructed by backward selection based on the Wald statistic. ORs are reported with 95% CIs. P-values < 0.05 were regarded as statistically significant. All data were analyzed using the statistical software SPSS (version 14.0; SPSS, Chicago, IL, United States).
RESULTS
Biofilm Formation
OD 570 microplate readings after crystal violet staining ranged from 0.05 to 3.5. The numbers and percentages of the isolates, altogether and segregated by clinical source, and the biofilm phenotype categorized based on the approach of others (ToledoArana et al., 2001; Mohamed et al., 2004) , with a strong (OD 570 > 2), medium (OD 570 , 1-2), or weak (OD 570 > 0.5 and <1) biofilm formation phenotype, are reported in Table 4 . The median OD 570 values for control strains OG1RF [weak biofilm (Montealegre et al., 2015) ] and ATCC29212 were 0.56 and 0.15, respectively.
As reported in Table 4 , biofilms were observed for nearly half of all of the E. faecalis isolates examined, and among these biofilm-forming strains, the majority were classified as having a weak biofilm phenotype. With respect to clinical source, isolates from urine were the most likely to exhibit biofilm formation, followed by isolates from bile; the likelihood of biofilm formation was statistically similar across the remaining sources.
Association between ST and Biofilm Formation
Multilocus sequence typing of 265 E. faecalis clinical isolates enabled us to determine the STs for 224 isolates. We found 44 different STs, 41 of which were represented by four or fewer isolates. The biofilm characteristics and numbers of isolates assigned to each ST are reported in Supplementary Table S1 . Because ST16 and ST179 were quite dominant, accounting for 65.6% (147/224) of the isolates in this study, the biofilm formation characteristics of the ST16 and ST179 isolates were subjected to further analysis. As shown in Table 5 , biofilm formation, and strong or medium biofilm formation in particular, were detected significantly more frequently among ST16 isolates than among ST179 isolates. Further analysis of the clinical sources of ST16 and ST179 E. faecalis isolates indicated that the characteristics of each were consistent across clinical sources (Supplementary Table S2 ).
Association between Biofilm Formation and Linezolid Susceptibility
Using the broth macrodilution method to determine the MICs of ampicillin, vancomycin, and linezolid, and a resistance criterion classification of MIC ≥8µg/ml, we found 10 strains with linezolid resistance (the 10 patients received no linezolid treatment), only four strains with ampicillin resistance (only 1 of the 4 patients received piperacillin-tazobactam treatment), and none with vancomycin resistance. Follow-up analysis of the relationship between E. faecalis biofilm formation and linezolid susceptibility showed that the linezolid-resistant strains were more likely to exhibit biofilm formation than the linezolid-sensitive strains (MIC ≤ 2 µg/ml), and that the biofilm formation characteristics of the isolates with a linezolid MIC in the intermediate range (2-8 µg/ml; n = 41) did not differ significantly from that of the lower or higher MIC isolate groups ( Table 6 ). More specifically, strong or medium biofilm formation was more prevalent among linezolid-resistant isolates than among linezolid-sensitive isolates ( Table 6) . Two ST16 isolates and no ST179 isolates were included among the linezolid-resistant strains; biofilm prevalence did not differ significantly between linezolid-sensitive and -resistant isolates (Supplementary Table S3 ).
Correlation between Biofilm Formation and Virulence Factors
As reported in Table 7 , the analysis of PCR-amplified virulence factors showed that the esp-positive (+) E. faecalis isolates had a significantly greater prevalence of biofilm formation than the esp-negative (−) isolates. Additionally, biofilm formation was detected more frequently in asa1+, cylA+ (cytolysin A-encoding gene positive), and agg+ (aggregation substance-encoding gene positive) isolates than in isolates not expressing each of these virulence factors (Table 7) . Conversely, gelE-isolates were significantly more likely to have biofilm formation than gelE+ isolates, especially biofilms categorized as strong or medium ( Table 7 , see Footnote). 
Virulence Factor Association with Biofilm Formation by Multiple Regression Analysis
In order to determine the independent contribution of each virulence factor to the biofilm formation of E. faecalis, multiple logistic regression analysis was performed. Thus, esp, gelE, asal, cylA, and agg were used as independent variables, and weak biofilm formation, strong or medium biofilm formation were used as a dependent variable in the multivariate model. The logistic regression model was constructed by a backward selection approach based on the Wald statistic. P-values < 0.05 were regarded as statistically significant. As shown in Table 8 , only one factor, cylA, was found to be an independent risk factor for weak biofilm formation. Meanwhile, esp positivity was independently associated with strong or medium biofilm formation, and gelE emerged as an independent anti-risk factor for strong or medium biofilm formation.
Expression Levels of the esp and cylA
Genes in E. faecalis Clinical Isolates
Last, in order to clarify the role of E. faecalis virulence factors during biofilm formation, the expression levels of the esp and cylA genes of E. faecalis clinical isolates were determined by qRT-PCR. For the detection of esp expression, eight clinical E. faecalis isolates that were esp positive, and with the same phenotypes of other virulence factors (asa1+; gelE−; cylA−; hyl−; agg+) were chosen. Among those 8 esp-positive isolates, the 16C383 strain with negative biofilm formation was set as the reference strain (esp expression = 1). As shown in Figure 1 , the esp expression was markedly elevated (11.39 to 134.08-fold, respectively) in those strong biofilm isolates (16C1, 16C51, 16C126, and 16C353), compared with the weak biofilm producers (16C29, 4.01-fold and 16C274, 3.47-fold). These results suggest that esp was only associated with strong biofilm, not with the weak biofilm formation of E. faecalis isolates, consistent with the previous findings. For the test of cylA expression, nine clinical E. faecalis isolates that were cylA positive, and with the same phenotypes of other virulence factors (asa1+; gelE−; esp−; hyl−; agg+) were chosen. Among those 9 cylA-positive isolates, the 16C281 strain with negative biofilm formation was set as the reference strain (cylA expression = 1). As shown in Figure 2 , the cylA gene expression was higher (4.02 to 6.00-fold) in those weak biofilm isolates (16C24, 16C54, 16C305, 16C306, and 16C374), compared with in the negative biofilm isolate (16C394, 1.37-fold), or the medium (16C169, 2.82-fold) or strong (16C60, 1.70-fold) biofilm isolates. These data may confirm that the cylA gene was only associated with weak biofilm, not with the strong or medium biofilm formation of E. faecalis isolates.
DISCUSSION
Although E. faecalis is generally less drug resistant than E. faecium, we found that biofilm formation was more prevalent for E. faecalis than has been reported previously for E. faecium (Sandoe et al., 2003) . The prevalence of E. faecalis biofilm observed in this study, 47.2%, was lower than the 60-90% prevalence rates reported previously in Europe (Toledo-Arana et al., 2001; Dupre et al., 2003; Sandoe et al., 2003) . In particular, the prevalence of E. faecalis biofilm in this study for isolates from urine, 50.4%, and from blood, 40.0%, were essentially half of the 100% prevalence rates reported previously for isolates from urine Biofilm phenotype: +, weak; ++, medium; +++, strong. The esp was overexpressed in the four strong biofilm strains (11.39 to 134.08-fold).
FIGURE 2 | Relative fold expression of cylA in eight clinical E. faecalis isolates. The expression levels of cylA were determined by qRT-PCR, with the clinical E. faecalis isolate 16C281 as the reference strain (expression = 1, biofilm negative). Biofilm phenotype: -, negative; +, weak; ++, medium; +++, strong. The cylA was overexpressed in the five weak biofilm strains (4.02 to 6.00-fold). (Seno et al., 2005) and blood (Sandoe et al., 2003) . Among the 57 E. faecalis isolates from urine with biofilm formation ability, 47.4% (27/57) of isolates were weak biofilm producers. Another study from Japan found in 352 E. faecalis strains from urinary tract infections that all of them had the capacity to form biofilm, 37.5% (132/352) of isolates exhibited weak biofilm formation (Seno et al., 2005) . Our study found the cylA was associated with E. faecalis isolates with weak biofilm formation, and the prevalence of cylA in the biofilm-positive E. faecalis isolates from urine was 78.9% (45/57), which was higher than in the Seno et al. research (46.6%, 164/352) . Thus, the prevalence of the weak biofilm phenotype in those E. faecalis isolates from urine may be due to the expression of cylA, based on the present study.
The lower rates of E. faecalis biofilm observed here could be due to several possible reasons. First, the E. faecalis strains isolated from different studies may have different ST frequencies. Second, because crystal violet staining analysis is a semiquantitative method, it carries a risk of operation error. Last, there is not yet a consistent criterion for the determination of a positive biofilm, particularly with respect to a crystal violet optical density cut-off value.
The present demonstration of 44 STs provides, to the best of our knowledge, the first MLST of E. faecalis in China. The dominance of ST16 and ST179 among our samples is somewhat consistent with a prior study in Malaysia, in which ST6, ST16, ST28, ST179, and ST399 were represented (Weng et al., 2013) . Our finding of greater biofilm prevalence, especially strong/medium biofilm prevalence, among ST16 isolates than among ST179 isolates is noteworthy in light of previous evidence showing that ST16 isolates may be representative of hospitaladapted strains (Ruiz-Garbajosa et al., 2006) , and the observation that, relative to planktonic bacteria, biofilms enable bacteria to better survive in adverse environmental conditions, including in the presence of antibiotics and disinfectants (Lebeaux et al., 2014) . E. faecalis ST16 may, like S. epidermidis ST27 (Kozitskaya et al., 2005) , occur preferentially in nosocomial environments, with an atypically high prevalence of biofilm formation relative to other STs of the microbe species.
The relationship between E. faecalis biofilm formation and antibiotic resistance had not been well explored before this study. Interest in VREs has been growing in recent years (O'Driscoll and Crank, 2015) . Linezolid has been used to treat VRE infection, but wider use of linezolid may be increasing the prevalence of linezolid resistance in E. faecalis (Kainer et al., 2007) . Indeed, here we found ten E. faecalis isolates that were resistant to linezolid, which was with no linezolid treatment, but found no VRE isolates. Moreover, we found that the prevalence of biofilm formation, especially the strong or medium biofilm formation, was significantly higher in linezolid-resistant E. faecalis isolates than in linezolid-sensitive isolates. Although E. faecalis ST16 was found to have a high prevalence of biofilm formation, ST16 isolates were similarly represented across linezolid-sensitive and -resistant strains, indicating that biofilm formation by linezolidresistant isolates cannot be attributed to the ST16 profile per se. Further research is needed to examine whether biofilm formation plays a role in E. faecalis resistance to linezolid.
The present finding that esp+ isolates are more likely to exhibit strong or medium biofilm formation than esp− isolates is consistent with several previous studies that have suggested a link between the virulence factor Esp and E. faecalis biofilm formation (Toledo-Arana et al., 2001; Tendolkar et al., 2004; Paganelli et al., 2012) . Notwithstanding, other studies have failed to find evidence of such a link (Kristich et al., 2004; Mohamed and Murray, 2005; Di Rosa et al., 2006; Elhadidy and Elsayyad, 2013; Anderson et al., 2016 ). We did not observe an association between esp positivity and weak biofilm formation, suggesting the possibility that esp might enhance extant E. faecalis biofilm formation, without having a fundamental influence on the basic capacity for biofilm formation per se.
Our finding of gelE positivity being inversely associated with strong or medium biofilm formation in E. faecalis is surprising. Previous studies have suggested that the gelE-encoded protein, which can hydrolyze gelatin, collagen, and hemoglobin, may favor the development of E. faecalis biofilms (Kayaoglu and Ørstavik, 2004; Park et al., 2007; Thomas et al., 2008) , while others found no significant correlation between the presence of gelE and biofilm formation in E. faecalis (Mohamed and Murray, 2005; Anderson et al., 2016) . It might be that the STs of our E. faecalis strains differed from those of previous studies, or there may be as yet unidentified factors that determine E. faecalis biofilm formation.
Our negative finding with respect to asa1 affecting biofilm formation is inconsistent with a prior study showing as association between asa1 and E. faecalis biofilm formation (Chuang-Smith et al., 2010) . Our finding that cylA was only a significant factor in weak biofilm formation suggests that cylA may be irrelevant to strong or medium biofilm formation in E. faecalis. The cylA gene has been reported previously to be associated with the E. faecalis biofilm formation of urinary tract isolates (Seno et al., 2005) . However, thus far, there is little information regarding the potential role of cylA -which can lyse prokaryotic cells, as well as erythrocytes and other eukaryotic cells -in E. faecalis biofilm formation.
CONCLUSION
The present study showed that a large portion of E. faecalis isolates from clinical samples form biofilms readily. The MLST of E. faecalis in this study demonstrated substantial ST diversity, with the main STs being ST16 and ST179. In general, biofilm formation was more strongly associated with ST16 than ST179. Our findings suggest a positive association between linezolid resistance in E. faecalis and robust biofilm formation. Interestingly, we found that the cylA gene was associated with weak biofilm formation of E. faecalis isolates, while the esp gene was only associated with strong or medium biofilm formation of E. faecalis isolates.
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